To gain genetic information of oil-producing algae Botryococcus braunii, a novel dataset of 185,936 complementary DNA (cDNA) reads was obtained via pyrosequencing for the representative race A strain (strain BOT-88-2) exhibiting high oil productivity. The cDNA reads were assembled to retrieve 29,038 non-redundant sequences and 964 of them were successfully annotated based on similarity to database sequences. The transcriptome data embraced candidate genes for majority of enzymes involved in the biosynthesis of unsaturated very long-chain fatty acids. The transcriptome dataset has been deposited in the GenBank/EMBL/DDBJ database.
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Introduction
The oil-producing green alga Botryococcus braunii is one of the relatively promising renewable sources of petroleum substitutes. B. braunii have been found in fresh and brackish water worldwide. B. braunii strains are grouped into different races, namely, race A, B, and L, depending on the types of liquid hydrocarbons they produce.
The race A strains produce alkadienes and alkatrienes, while the race B strains produce triterpenoid hydrocarbons called botryococcenes and methylated squalenes. The race L strains synthesize tetraterpenes referred to as lycopadienes (reviewed in Banerjee et al., 2002; Metzger and Largeau, 2005) .
The race A hydrocarbon products, alkadienes and alkatrienes, are thought to be synthesized from very long-chain fatty acids (VLCFAs). Unsaturated fatty acids are the direct precursors of VLCFA elongation (reviewd in Banerjee et al. 2002; Metzger and Largeau 2005) . Conversion of fatty aldehyde, one of the VLCFA derivates, into alkadiene accompanying the terminal double bond insertion seems to be the final step of the alkadiene synthesis in B. braunii (Dennis and Kolattukudy, 1991) .
Here expression sequence tags (ESTs) of a representative race A strain of B.
braunii (BOT-88-2) were examined. The BOT-88-2 strain was used because of its excellence in both growth and oil productivity. This strain produces alkadienes 
Materials and Methods
The original axenic culture of the BOT-88-2 strain of B. braunii was provided from Dr. Masanobu Kawachi (National Institute for Environmental Studies). The cells were grown under commonly used optimal growth conditions as described in Ioki et al. (2011, this Kawachi, and Kunimitsu Kaya). The cells for the present study were harvested at a random time from the actively growing culture using a 5-μm filter and immediately frozen in liquid nitrogen.
The Genome Sequencer-FLX System (Roche diagnostics, Basel, Switzerland) was used for the EST acquisition. Total RNA was extracted from cells harvested from a 250-ml culture using RNeasy Plant Mini Kit (Qiagen Inc., Chatsworth, CA, USA).
Contaminating DNA was eliminated using RNase-Free DNase Set (Qiagen Inc.).
Amplification of antisense RNA (aRNA) was performed as described by Vega-Arreguín et al. (2009) using 2 μg of total RNA. Reverse transcription was performed using 10 μg of aRNA and random 6 mers. Then double-stranded cDNA was synthesized using biotinylated oligo(dT) primers with the GS-FLX adaptor. The aRNA-derived cDNA was fragmented by sonication and separated by electrophoresis on an agarose gel.
Fragments of 300 to 800 bp were excised out of the gel. Then, 3'-terminal fragments were collected using streptavidin-coated magnetic beads (Dynal, Invitrogen, Carlsbad, CA). On the 5'-ends of these fragments, the other GS-FLX adaptors were conjugated.
sstDNA were collected using magnetic beads. The resulting cDNA library was quantified by fluorometry (Quant-iT Ribogreen, Invitrogen), clonally amplified by emulsion PCR and sequenced according to the standard procedures for 454 sequencing.
The cDNA reads were filtered, clustered, and assembled into non-redundant sequences using the Paracel TranscriptAssembler TM Version 2.6 software (Paracel, Pasadena, CA) under the auspices of the Dragon Genomics Center, Takara Bio Co. Ltd, Japan. In the filtering process, (i) poly A/T sequences longer than 7 bases within 30-base regions of 5'-and 3'-ends of the cDNA reads detected by the HASTE algorithm and (ii) repetitive sequences of more than 21 bases detected by the DUST algorithm were marked not to be used in the clustering process. Terminal sequences with low quality values, the adaptor sequences, and short sequences of less than 50 bases were removed. In the clustering process, the filtered sequences were grouped into clusters locally sharing common sequences detected by one-to-one comparisons. The sequences within each cluster were subjected to the assembling procedure to retrieve non-redundant sequences based on global similarity detected by the CAP4 algorithm.
The non-redundant sequences were annotated and classified into different functional categories using the Kyoto Encyclopedia of Genes and Genomes (KEGG)
Automatic Annotation Server (KAAS) program (Moriya et al., 2007) based on the BLASTX algorithm. Additional hydrocarbon biosynthesis-related genes were identified using the EST Viewer software (Dragon Genomics Center, Takara Bio Co. Ltd, Japan)
according to the enzyme nomenclature (accepted and alternative names) of the BLASTX search hits from the non-redundant (nr) database (ver. 2009.01.09) compiled by National Center for Biotechnology Information (NCBI). All the BLASTX searches were performed with cutoff bit score of 50, which corresponds to the e-value of approximately 1 x 10 -5 .
Results and Discussion
The pyrosequencing generated 185,936 cDNA reads. Majority of the cDNA reads were of 200 to 300 bases in length. The average read length was 217 bases (Fig.   1a ). The cDNA reads are available in the DDBJ Sequence Read Archive (http://trace.ddbj.nig.ac.jp/dra/index_e.shtml) as DRR000585.
By assembling the cDNA reads, 29,038 non-redundant sequences of up to over 2 kb in length were retrieved. The average length of non-redundant sequences was 296 bases (Fig. 1b) . Majority of the non-redundant sequences consisted of a single cDNA read, while some non-redundant sequences consisted of more than 2,000 cDNA reads (Table 1, Fig. 1c ). The average GC content estimated using all non-redundant sequences was 49.5%. For 964 non-redundant sequences, the gene functions were successfully predicted based on homology to previously characterized genes of other organisms (Table S1 ). Metabolism-related genes comprised a significant portion of the annotated non-redundant sequences as in other algal transcriptomes (Rismani-Yazdi et al., 2011; Wahlund et al., 2004; Weber et al., 2004) . More than 50% of the 964 non-redundant sequences were predicted to be associated with metabolism, and many of the metabolic genes were predicted to be associated with fatty acid biosynthesis, reflecting the race A hydrocarbon products of the BOT-88-2 strain. The non-redundant sequences can be found in the DDBJ (http://www.ddbj.nig.ac.jp/index-e.html) under accession numbers FX056085 through FX085122.
Top 30 list of non-redundant sequences with largest EST counts is shown in Table 1 . Photosynthesis-related genes were expressed at high levels. The non-redundant sequences with accession numbers FX056503 (677 reads), FX056901 (561 reads) and FX056504 (442 reads) showed similarity to photosystem-related genes, psbO, LHCB4
and psbP, respectively. The non-redundant sequence with accession number FX056922
(442 reads) showed similarity to an aquaporin, PIP. The non-redundant sequences with accession number FX056339 (419 reads) showed similarity to a carbonic anhydrase, cynT, which is involved in the CO 2 concentrating mechanism in many microalgal species (Giordano et al. 2005) . Only 5 of the 30 non-redundant sequences showed significant similarity to known genes. Many of the highly expressed genes did not exhibit homology to database sequences (Table 1) . Further analysis of these sequences may lead to discovery of novel genes.
Search for genes encoding enzymes potentially associated with hydrocarbon oil biosynthesis from acetyl-CoA retrieved 30 non-redundant sequences (accession numbers shown in Table S2 ). While the transcriptome data embraced putative genes associated with unsaturated VLCFA biosynthesis, the genes for the final conversion of unsaturated VLCFA to the hydrocarbon end products still remained unidentified (Table   2) . Table 2, Table S2 ). Such prevalence of acetyl-CoA carboxylase transcripts has been unprecedented in other algal transcriptomes and seemed to reflect the vigorous fatty acid synthesis in BOT-88-2 (Rismani-Yazdi et al., 2011; Wahlund et al., 2004; Weber et al., 2004) .
In plants, fatty acid elongation mainly takes place in chloroplasts in the acyl carrier protein (ACP)-bound form (Ohlrogge et al., 1979; Chan and Vogel, 2010) . Two classes of acyl-ACP elongation systems are known. The type I system involves a large multifunctional enzyme and is present primarily in eukaryotes, while the type II system involves discretely expressed mono-functional enzymes and is present primarily in bacteria and plants (Chan and Vogel, 2010) . As expected, the BOT-88-2 transcriptome contained many ESTs associated with the type II system, namely, beta-ketoacyl-ACP (Table 2, Table   S2 ). This transcript suggests that fatty acid elongation may take place not only in chloroplasts but also in cytosol in BOT-88-2.
The fatty acid desaturation process, in general, can take place either the ACP-bound or the CoA-bound forms. The BOT-88-2 EST dataset contained both stearoyl-CoA 9-desaturase (FX056093, 91 reads; FX056090, 15 reads; FX056094, 2 reads) and acyl-ACP desaturase (FX056729, 2 reads), suggesting the desaturation leading to oleic acid production is catalyzed not only in ACP-bound form but also in CoA-bound form (Table 2, Table S2 ). This may be a unique feature of B. braunii. To our knowledge, stearoyl-CoA 9-desaturase is not expressed in other algae or plants. In animal, yeast, and fungal cells, acyl-CoA desaturases are bound to the endoplasmic reticulum (Reviewed in Los and Murata, 1998 FX056097, 2 reads) were found in the BOT-88-2 transcriptome ( Table 2, Table S2 ). For the final conversion of unsaturated VLCFA to the hydrocarbon end products, candidate BOT-88-2 genes still remained unidentified. As characterized in bacteria, head-to-head condensation of fatty acids catalyzed by a condensing enzyme referred to as OleA may take place to form hydrocarbons (Sukovich et al., 2010) . However, no putative homologs were identified in the B. braunii transcriptome with reliable homology
(threshold e-value of 1x 10 -5 ) for the oleA gene.
Conclusion
In this study, the transcriptome sequencing data were obtained for the oil-rich BOT-88-2 strain of B. braunii. The sequenced transcriptome embraced genes for majority of enzymes associated with the race A oil biosynthesis of B. braunii.
In the light of the world's urgent need for petroleum substitutes, the dataset could be a rich source of genes useful in biofuel development. 
